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Title: Novel COX-2 Inhibitor for Breast Cancer Therapy

INTRODUCTION

Cyclooxygenase-1 and 2 (COX-1 and COX-2) catalyze the formation of prostaglandin
H2 by converting arachadonic acid to prostaglandins (PGE) (1). Recent studies have
shown that high levels of COX-2 are expressed in a large percentage of tumors, including
those of the breast. In particular, constitutive over-expression of COX-2 has been
observed in greater than 50% of ductal carcinomas in situ and in several highly metastatic
estrogen receptor-negative breast tumor cell lines (2, 3). Furthermore, epidemiological
studies have shown that the use of Non-steroidal anti-inflammatories (NSAIDs) can
lower the incidence of certain tumor types, including those of the breast and studies in
animals have confirmed these findings (4-7, 8-10). Taken together, these studies provide
compelling evidence to support the involvement of COX-2 in the development of breast
cancer. It is therefore reasonable to conclude that drugs which target COX-2 enzymatic

activity can have a profound impact on the treatment of this disease.

Celecoxib, a selective COX-2 inhibitor, has been shown to inhibit 7,12-dimethylbenz
(a)anthracene (DMBA)-induced the development of mammary tumors and induced
regression in animal model systems (8,9). Because these studies demonstrate that COX-2
specific NSAIDs can act as both anti-carcinogenic and anti-neoplastic agents with respect
to breast cancer, and because these types of NSAIDs are devoid of side effects, there is a

need to develop new and improved agents to treat this disease.

BODY

Synthesis of novel COX-2 NSAIDs: To achieve the first aim of the proposal, we have
synthesized additional series of compounds aimed at identifying the most potent COX-2
inhibitor to be used in breast cancer therapy. These compounds belong to three classes:
(1) the 18000 series compounds are additional derivatives of SKU-46 and include 8
compounds (18200, 18210, 18220, 18230, 18160, 18170, 18180 and 18190); (ii) the

53000 series of compounds are derivatives with a hydrazone backbone and include 20




compounds (53010, 53020, 53030, 53040, 53050, 53060, 53070, 53090, 53100, 53110,
53120, 53130, 53140, 53150, 53160,53210, 53220, 53230 and 53240).

Effect of the 18000 and 53000 series compounds against COX-2 enzymatic activity:
The inhibitory effect (reported as the ICsy value) of these drugs against the COX-2
(ovine) enzyme was analyzed using a COX inhibitory screening assay kit as described by
the manufacturer (Cayman Chemicals, MI) (12). This assay directly measures the
production of PGE,,, which is produced by stannous chloride reduction of COX-derived
PGEH, via an enzyme immunoassay. This type of assay has been demonstrated to be
more reliable than peroxide inhibition-based assay systems (12). Celecoxib, which has an
ICso of 1.71uM, and our most potent inhibitors 9250A and 9310A, which have ICs
values of 0.85uM and 0.29uM, respectively, were used as controls in all assays. The
results of these studies show that while the 18000 series of compounds were unable to
inhibit COX-2 activity, three compounds belonging to the 53000 series (53010, 53050
and 53060) were able to inhibit the enzyme at concentrations of 6uM, 13uM and 13uM,
respectively. While none of these compounds can inhibit COX-2 as well as 9310A or
9250A which are our most potent inhibitors, we are currently synthesizing additional
analogs of these three derivatives with the goal of further improving their COX-2
inhibitory activity.

Effect of the 18000 and 53000 series compounds on breast tumor cell viability: To
test the anti-tumor effects of these compounds, we next grew COX-2 positive and
negative cell lines in the presence of the 18000 and 53000 series compounds. The results
of these studies showed two compounds, 18040 and 18050 had Glso values of 10.3uM
and 8.5uM, respectively in COX-2 negative cell lines and 7uM and 23.4uM,
respectively, in COX-2 positive cells. Celecoxib, in these assays had Glsy values of
13.1uM and 15.9uM in COX-2 negative and positive tumor cell lines, respectively. We
are currently determining the Glso values for the 53000 series of compounds. These
results suggest that compound 18040 is more efficient than Celecoxib in inducing death

of tumor cells. Because 18040 induces cell death in both COX-2 positive and negative



tumors, we are currently investigating the mechanisms by which this compound induces

tumor cell death.

Effects of compounds 9250A and 9310A on cell cycle progression: As stated above,
two compounds (9250A and 9310A) are extremely potent COX-2 inhibitors. Their ICs
values of 0.85uM and 0.29uM, respectively, are 2-5.9-fold more potent than Celecoxib,
which has an ICsy value of 1.71uM. To determine the effects of these compounds on cell
cycle progression, COX-2 positive and negative tumor cell lines were synchronized at
late G,/S phase with aphidicolin (1pg/ml). After 24 hours, the media was replaced with
fresh medium containing DMSO (control) or 9250A or 9310A. Cells were collected at 0,
24, 48 and 72 hour time points and the cell cycle distribution determined by flow
cytometric analysis. As expected, the control-treated cells re-entered the cell cycle after
the removal of aphidicolin. Similar results were obtained in cells that were treated with
9250A, although a greater percentage of cells remained in G; throughout the experiment.
However, at the 24hour time point, cells that were treated with 9310A remained arrested
in the G1 phase. In addition, a noticeable percentage of the cells were beginning to enter
the apoptotic pathway. At the 48-hour time point, the number of apoptotic cells had
doubled, and by 72 hours, nearly all of the cells were apoptotic. These studies show that

9310A induces an irreversible G; arrest that ultimately leads to apoptosis.

KEY RESEARCH ACCOMPLISHMENTS

We have synthesized additional classes of COX-2 inhibitors that possess tumor growth
inhibitory activity. As with our other series of compounds, some of these new compounds
inhibit the growth of both COX-2 positive and negative cells, suggesting that they may

target other protein(s) that play an important role in tumor cell proliferation.

We have also determined that our most potent COX-2 inhibitor, which is almost 6-fold
more active than Celecoxib, induced G, arrest of tumor cells and ultimately activates

their apoptotic pathway.



REPORTABLE OUTCOMES

Boominathan R., Reddy M.V.R., Cosenza, S.C., Sheikh, M.S. and Reddy, E. P. 2004.
Novel COX-2 Inhibitors with Enhanced Anti-tumor Activity. 20th Annual Meeting on
Oncogenes, Frederick MD, June 2004,

Pallela, V.R., Boominathan, R., Venkatapuram, P, Reddy, E. P. and Reddy, M.V.R. 2004.
Synthesis of Styryl Acetophenylsulfides: Novel Cyclooxygenase Inhibitors. 227th ACS
National Meeting.

CONCLUSIONS

The involvement of COX-2 in breast tumor growth has necessitated the development of
specific COX-2 NSAIDs. In terms of breast cancer therapy, it is necessary to develop
new therapeutic agents that possess both growth inhibitory and pro-apoptotic properties
that are more efficacious than the present group of drugs (which were originally
developed to treat inflammation). Our results to-date show that we have developed novel
agents that inhibit COX-2 and have growth inhibitory and pro-apoptotic activities against
breast tumor cells. These studies suggest that these compounds may play an important

role as anti-cancer and chemopreventive agents.
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